Introduction {#sec1}
============

Ovarian cancer is a leading cause of morbidity and mortality among women diagnosed with gynecologic malignancies, with \~22,440 new cases and 14,080 cancer-related deaths each year in the United States \[[@B1]\]. The high ratio of death-to-incidence for women with ovarian cancer is mainly due to late-stage diagnosis. Importantly, many patients with ovarian cancer remain without symptoms until the disease reaches an advanced stage and it is then exceedingly difficult to treat \[[@B2]\]. Even with advances in diagnostic techniques, the 5-year survival rate is only \~30% \[[@B3],[@B4]\]. Therefore, the identification of novel prognostic biomarkers is of critical importance and will contribute to improving the clinical outcome of ovarian cancer patients.

Peroxiredoxins (PRDXs), a family of antioxidant enzymes, are composed of six identified mammalian isoforms (PRDX1, PRDX2, PRDX3, PRDX4, PRDX5, and PRDX6) \[[@B5]\]. The primary role of these proteins is to protect cells from oxidative damage induced by cellular reactive oxygen species (ROS), which have been implicated in various cellular signaling pathways and the pathogenesis of diseases \[[@B6]\]. Moreover, PRDXs are frequently involved in the regulation of a series of reductant--oxidant-sensitive cellular processes, such as cell proliferation, apoptosis, and cell signaling \[[@B9]\].

Over the past several years, numerous studies have documented that PRDX expression was up-regulated in various types of solid tumors \[[@B12]\]. However, PRDXs may play dichotomous roles in the development of cancers, as either oncogenes or tumor suppressors \[[@B18]\]. The significance of these genes in the prognosis of malignant tumors is still complicated and in many ways contradictory \[[@B13],[@B19]\]. Furthermore, individual PRDX expression and their impact on prognosis in ovarian cancer patients have received little research \[[@B28],[@B29]\]. In the present study, we aimed to comprehensively explore immunohistochemistry (IHC)-based map of PRDXs family protein expression profiles in normal ovarian tissues and ovarian cancer tissues from the Human Protein Atlas (HPA) database. Furthermore, we also investigated the prognostic significance of PRDX family expression at the mRNA level in ovarian cancer patients using the Kaplan--Meier plotter (KM plotter).

Materials and methods {#sec2}
=====================

The Human Protein Atlas {#sec2-1}
-----------------------

The Human Protein Atlas (<https://www.proteinatlas.org/>) provided large amounts of transcriptomics and proteomics data in specific human tissues and was composed of Tissue Atlas, Cell Atlas, and Pathology Atlas. This database offered the cell-specific localization information across 44 different normal tissues and organs, as well as 20 most common types of cancer \[[@B30]\]. In addition, IHC-based protein expression patterns in normal human tissues and tumor tissues were used to generate an expression map by using data from HPA \[[@B31]\]. In the present study, we utilized this database to comprehensively explore the protein expression of the PRDX family genes in normal ovarian tissues and ovarian cancer tissues. We systematically screened the available immunohistochemistry images of six PRDX proteins presented in the database, and then selected representative images that showed trends toward differential expression in normal ovarian tissues and ovarian cancer tissues using an arbitrary selection criteria \[[@B32]\].

The Kaplan--Meier plotter {#sec2-2}
-------------------------

The Kaplan--Meier plotter (<http://kmplot.com/analysis/>) \[[@B33]\] was used to investigate the correlation between individual PRDX mRNA levels and overall survival (OS) and progression-free survival (PFS) of 1816 ovarian cancer patients. The above online database can be used to evaluate the effect of 54,675 genes on survival rates for ovarian \[[@B34]\], breast \[[@B33]\], lung \[[@B35]\], and gastric cancer patients. Ovarian cancer patients were identified from the Gene Expression Omnibus (GEO), the Cancer Biomedical Informatics Grid (caBIG), and The Cancer Genome Atlas (TCGA) ovarian cancer datasets \[[@B34],[@B35]\]. In addition, these datasets provided clinical data, including histology, grade, stage, TP53 mutation status, debulk, and applied chemotherapy for the ovarian cancer patients. A summary of the general patient characteristics was listed in [Table 1](#T1){ref-type="table"}. The database was integrated using gene expression information and ovarian cancer patients' survival data. In order to analyze the prognostic significance of a particular gene, the selected ovarian cancer samples were divided into 'low' and 'high' according to gene mRNA expression using the auto select best cutoff value. Subsequently, the survival information (OS and PFS) for the two groups could be compared with a Kaplan--Meier survival plot. Briefly, six PRDX members (PRDX1, PRDX2, PRDX3, PRDX4, PRDX5, and PRDX6) were put into the database to acquire Kaplan--Meier survival plots. Hazard ratio (HR), 95% confidence intervals (95% CI), and log rank *P* were calculated and presented on the webpage (<http://kmplot.com/analysis/index.php?p> = service&cancer = ovar). *P* values of \<0.05 were considered statistically significant.

###### Clinical characteristics of ovarian cancer patients in Kaplan--Meier plotter

  Variable                       Overall survival (*N*)   Progress-free survival (*N*)
  ------------------------------ ------------------------ ------------------------------
  **Histology**                                           
  All cancer patients            1656                     1435
  Serous cancer patients         1207                     1104
  Endometrioid cancer patients   37                       51
  **Pathological grades**                                 
  I                              56                       37
  II                             324                      256
  III                            1015                     837
  **Clinical stages**                                     
  I                              74                       96
  II                             61                       67
  III                            1044                     919
  IV                             176                      162
  **TP53 mutation**                                       
  Yes                            506                      483
  No                             94                       84
  **Debulk**                                              
  Optimal                        801                      696
  Suboptimal                     536                      459
  **Chemotherapy**                                        
  Contains Platin                1409                     1259
  Contains Taxol                 793                      715
  Contains Taxol+Platin          776                      698
  **Death event**                930                      978
  **Median survival**            45.23 (m)                20 (m)

N, number of ovarian cancer patients with available clinical data; m, months.

Results {#sec3}
=======

Using the Human Protein Atlas database, we first analyzed the PRDXs protein expression in normal ovarian tissues and ovarian cancer tissues to determine the clinical relevance of PRDXs expression. As shown in [Figure 1](#F1){ref-type="fig"}, we discovered that stroma cells had negative PRDX1 staining in normal ovarian tissues. In comparison, among 12 cases of ovarian cancer tissues examined, medium staining of PRDX1 was detected in the majority of cancerous tissues (ten cases), while the rest two cases had low PRDX1 staining. For PRDX2, stroma cells presented medium staining in normal ovarian tissues. Using the same antibody, there were 2 cases of high, 4 cases of medium, and 4 cases of low PRDX2 staining among the examined 11 ovarian cancer tissues ([Figure 2](#F2){ref-type="fig"}). We found that PRDX3 protein expression was not detected in normal ovarian tissues. However, among the examined 9 ovarian cancer tissues, 8 cases had medium PRDX3 staining and 1 case had low PRDX3 staining ([Figure 3](#F3){ref-type="fig"}). Considering PRDX4, the data showed that stroma cells had low PRDX4 staining in normal ovarian tissues. In comparison, we found that among the detected 10 ovarian cancer tissues, there were 8 cases of medium and 2 cases of low PRDX4 staining ([Figure 4](#F4){ref-type="fig"}). Meanwhile, images of tissue staining by IHC showed that stroma cells had negative PRDX5 expression in normal ovarian tissues; however, there were 1 case of high, 9 cases of medium and 1 case of low PRDX5 staining among 12 cases of ovarian cancer tissues examined ([Figure 5](#F5){ref-type="fig"}). Furthermore, we found that stroma cells had low PRDX6 staining in normal ovarian tissues. In comparison, there were 12 cases of ovarian cancer tissues tested, with 1 case of high, 5 cases of medium and 4 cases of low PRDX6 staining ([Figure 6](#F6){ref-type="fig"}).

![Comparison of the expression profile of PRDX1 in normal ovarian tissues and ovarian cancer tissues\
Representative immunohistochemistry images of PRDX1 protein expression in normal ovarian tissues (**A**) and ovarian cancer tissues (**B**). Images were downloaded from the Human Protein Atlas database (<http://www.proteinatlas.org/>).](bsr-38-bsr20180667-g1){#F1}

![Comparison of the expression profile of PRDX2 in normal ovarian tissues and ovarian cancer tissues\
Representative immunohistochemistry images of PRDX2 protein expression in normal ovarian tissues (**A**) and ovarian cancer tissues (**B**). Images were downloaded from the Human Protein Atlas database (<http://www.proteinatlas.org/>).](bsr-38-bsr20180667-g2){#F2}

![Comparison of the expression profile of PRDX3 in normal ovarian tissues and ovarian cancer tissues\
Representative immunohistochemistry images of PRDX3 protein expression in normal ovarian tissues (**A**) and ovarian cancer tissues (**B**). Images were downloaded from the Human Protein Atlas database (<http://www.proteinatlas.org/>).](bsr-38-bsr20180667-g3){#F3}

![Comparison of the expression profile of PRDX4 in normal ovarian tissues and ovarian cancer tissues\
Representative immunohistochemistry images of PRDX4 protein expression in normal ovarian tissues (**A**) and ovarian cancer tissues (**B**). Images were downloaded from the Human Protein Atlas database (<http://www.proteinatlas.org/>).](bsr-38-bsr20180667-g4){#F4}

![Comparison of the expression profile of PRDX5 in normal ovarian tissues and ovarian cancer tissues\
Representative immunohistochemistry images of PRDX5 protein expression in normal ovarian tissues (**A**) and ovarian cancer tissues (**B**). Images were downloaded from the Human Protein Atlas database (<http://www.proteinatlas.org/>).](bsr-38-bsr20180667-g5){#F5}

![Comparison of the expression profile of PRDX6 in normal ovarian tissues and ovarian cancer tissues\
Representative immunohistochemistry images of PRDX6 protein expression in normal ovarian tissues (**A**) and ovarian cancer tissues (**B**). Images were downloaded from the Human Protein Atlas database (<http://www.proteinatlas.org/>).](bsr-38-bsr20180667-g6){#F6}

To further examine PRDX family expression at the mRNA level, we also investigated the prognostic significance of individual PRDX family expression in ovarian cancer patients using the KM plotter. In the present study, all six PRDX members could be found in Kaplan--Meier OS and PFS information at [www.kmplot.com](http://www.kmplot.com). The prognostic value of PRDX1 mRNA expression was first accessed in the database. The desired Affymetrix ID for PRDX1 is 208680_at. OS curves (*n*=1656; [Figure 7A](#F7){ref-type="fig"}) and PFS curves (*n*=1435; [Figure 8A](#F8){ref-type="fig"}) were plotted for all ovarian cancer patients. As shown in [Table 2](#T2){ref-type="table"}, high mRNA expression of PRDX1 showed a null association with OS or PFS among all ovarian cancer patients, serous ovarian cancer patients, and endometrioid ovarian cancer patients. To further access the relationship between individual PRDXs and other clinicopathological features, the association with pathological grade, clinical stage, and chemotherapy of ovarian carcinoma patients was examined. Analysis indicated that a high expression of PRDX1 was correlated with a better OS in grade I or II ovarian cancer patients. In addition, PRDX1 also predicted a better PFS in grade I ovarian cancer patients. However, the clinical stage results showed that high levels of PRDX1 mRNA were associated with a poorer PFS in stages I and II ovarian cancer patients. Furthermore, increased PRDX1 mRNA expression was not correlated with OS or PFS among all ovarian cancer patients treated with Platin, Taxol, and Taxol+Platin chemotherapy.

![The prognostic value of peroxiredoxin (PRDX) family expression in overall survival (OS) of all ovarian cancer patients\
(**A**) OS curves were plotted for PRDX1 (*n*=1656). (**B**) OS curves were plotted for PRDX2 (*n*=1656). (**C**) OS curves were plotted for PRDX3 (*n*=1656). (**D**) OS curves were plotted for PRDX4 (*n*=1656). (**E**) OS curves were plotted for PRDX5 (*n*=655). (**F**) OS curves were plotted for PRDX6 (*n*=1656).](bsr-38-bsr20180667-g7){#F7}

![The prognostic value of peroxiredoxin (PRDX) family expression in progression-free survival (PFS) of all ovarian cancer patients\
(**A**) PFS curves were plotted for PRDX1 (*n*=1435). (**B**) PFS curves were plotted for PRDX2 (*n*=1435). (**C**) PFS curves were plotted for PRDX3 (*n*=1435). (**D**) PFS curves were plotted for PRDX4 (*n*=1435). (**E**) PFS curves were plotted for PRDX5 (*n*=614). (**F**) PFS curves were plotted for PRDX6 (*n*=1435).](bsr-38-bsr20180667-g8){#F8}

###### The prognostic value of PRDX1 mRNA expression in ovarian cancer

                                 Overall survival   Progress-free survival                                         
  ------------------------------ ------------------ ------------------------ ---------- ------ ------------------- -----------
  **Histology**                                                                                                    
  All cancer patients            1656               1.09 (0.96--1.25)        0.19       1435   1.07 (0.94--1.21)   0.31
  Serous cancer patients         1207               1.15 (0.98--1.36)        0.092      1104   0.91 (0.78--1.06)   0.24
  Endometrioid cancer patients   37                 2.1 (0.35--12.6)         0.41       51     0.3 (0.07--1.29)    0.086
  **Pathological grades**                                                                                          
  I                              56                 0.25 (0.09--0.7)         0.0044\*   37     0.14 (0.04--0.42)   5.4e−05\*
  II                             324                0.71 (0.52--0.97)        0.028\*    256    0.75 (0.53--1.05)   0.094
  III                            1015               0.92 (0.75--1.12)        0.4        837    0.91 (0.77--1.09)   0.3
  **Clinical stages**                                                                                              
  I and II                       135                0.52 (0.18--1.5)         0.22       163    2.12 (1.06--4.27)   0.03\*
  III and IV                     1220               1.15 (0.98--1.35)        0.084      1081   0.89 (0.76--1.04)   0.15
  **Chemotherapy**                                                                                                 
  Contains Platin                1409               0.91 (0.77--1.07)        0.26       1259   1.08 (0.95--1.23)   0.24
  Contains Taxol                 793                1.17 (0.96--1.41)        0.12       715    0.9 (0.76--1.07)    0.23
  Contains Taxol+Platin          776                1.16 (0.95--1.41)        0.14       698    0.9 (0.75--1.07)    0.24

\**P*\<0.05.

Subsequently, the prognostic significance of PRDX2 expression was determined in the database ([Figures 7](#F7){ref-type="fig"}B and [8B](#F8){ref-type="fig"}, and [Table 3](#T3){ref-type="table"}). The desired Affymetrix ID for PRDX2 is 39729_at. Highly expressed PRDX2 mRNA was not found to be correlated with OS in all histological subtypes of ovarian cancer patients. However, elevated mRNA expression of PRDX2 was significantly correlated with better PFS for all ovarian cancer patients and serous ovarian cancer patients. In addition, high expression of PRDX2 mRNA was correlated with a better PFS in grade II or III ovarian cancer patients. Furthermore, increased expression of PRDX2 in stages III and IV ovarian cancer patients was related to a better PFS. High PRDX2 expression was not linked to OS among all ovarian cancer patients treated with Platin, Taxol, and Taxol+Platin chemotherapy, but results among these three chemotherapeutic agents showed a better PFS in all ovarian cancer patients.

###### The prognostic value of PRDX2 mRNA expression in ovarian cancer

                                 Overall survival   Progress-free survival                                      
  ------------------------------ ------------------ ------------------------ ------- ------ ------------------- -----------
  **Histology**                                                                                                 
  All cancer patients            1656               0.91 (0.8--1.04)         0.16    1435   0.86 (0.76--0.98)   0.019\*
  Serous cancer patients         1207               0.89 (0.77--1.04)        0.15    1104   0.73 (0.63--0.85)   2.6e−05\*
  Endometrioid cancer patients   37                 0.33 (0.06--1.98)        0.2     51     0.44 (0.17--1.11)   0.075
  **Pathological grades**                                                                                       
  I                              56                 0.67 (0.26--1.73)        0.4     37     0.4 (0.13--1.21)    0.094
  II                             324                0.81 (0.6--1.09)         0.17    256    0.62 (0.46--0.84)   0.0019\*
  III                            1015               1.09 (0.9--1.31)         0.37    837    0.74 (0.63--0.88)   0.00041\*
  **Clinical stages**                                                                                           
  I and II                       135                1.97 (0.89--4.34)        0.087   163    1.35 (0.76--2.4)    0.3
  III and IV                     1220               1.16 (0.98--1.37)        0.087   1081   0.76 (0.66--0.88)   0.00018\*
  **Chemotherapy**                                                                                              
  Contains Platin                1409               0.89 (0.78--1.03)        0.11    1259   0.84 (0.74--0.96)   0.01\*
  Contains Taxol                 793                0.89 (0.74--1.08)        0.25    715    0.77 (0.65--0.91)   0.0026\*
  Contains Taxol+Platin          776                1.1 (0.89--1.36)         0.39    698    0.77 (0.65--0.92)   0.0034\*

\**P*\<0.05.

For PRDX3, its desired Affymetrix ID is 201619_at ([Figures 7C](#F7){ref-type="fig"} and [8C](#F8){ref-type="fig"}, and [Table 4](#T4){ref-type="table"}). Increased PRDX3 mRNA expression was found to be related to a poorer OS in all ovarian cancer patients and serous ovarian cancer patients, but not in endometrioid cancer patients. However, high mRNA expression of PRDX3 showed no effect on PFS in different histological types of ovarian cancer patients. High levels of PRDX3 mRNA were correlated to a poorer OS in grade III ovarian cancer patients, while PRDX3 predicted a better PFS in 37 patients with grade I ovarian cancer. Furthermore, the clinical stage results showed that high expression of PRDX3 mRNA was associated with a poorer OS in stages III and IV ovarian cancer patients. Additionally, increased PRDX3 mRNA expression was associated with poorer OS in all ovarian cancer patients treated with Platin, Taxol, and Taxol+Platin chemotherapy; PRDX3 also showed a poor PFS in all patients treated with Platin chemotherapy.

###### The prognostic value of PRDX3 mRNA expression in ovarian cancer

                                 Overall survival   Progress-free survival                                         
  ------------------------------ ------------------ ------------------------ ---------- ------ ------------------- ----------
  **Histology**                                                                                                    
  All cancer patients            1656               1.18 (1.03--1.35)        0.018\*    1435   1.13 (0.99--1.29)   0.066
  Serous cancer patients         1207               1.18 (1.01--1.37)        0.036\*    1104   0.93 (0.81--1.08)   0.35
  Endometrioid cancer patients   37                 0.36 (0.06--2.18)        0.25       51     0.66 (0.26--1.67)   0.38
  **Pathological grades**                                                                                          
  I                              56                 0.41 (0.16--1.07)        0.06       37     0.34 (0.11--1.03)   0.047\*
  II                             324                1.21 (0.88--1.66)        0.24       256    0.79 (0.57--1.08)   0.14
  III                            1015               1.19 (1.01--1.4)         0.039\*    837    1.15 (0.96--1.37)   0.13
  **Clinical stages**                                                                                              
  I and II                       135                1.53 (0.7--3.35)         0.29       163    1.24 (0.7--2.19)    0.46
  III and IV                     1220               1.28 (1.1--1.48)         0.0012\*   1081   0.92 (0.79--1.06)   0.24
  **Chemotherapy**                                                                                                 
  Contains Platin                1409               1.16 (1--1.35)           0.047\*    1259   1.22 (1.06--1.4)    0.0042\*
  Contains Taxol                 793                1.26 (1.05--1.52)        0.015\*    715    1.14 (0.94--1.39)   0.18
  Contains Taxol+Platin          776                1.27 (1.05--1.53)        0.014\*    698    1.13 (0.93--1.38)   0.21

\**P*\<0.05.

The prognostic significance of the expression of PRDX4 was further determined in the database ([Figures 7D](#F7){ref-type="fig"} and [8D](#F8){ref-type="fig"}, and [Table 5](#T5){ref-type="table"}). The desired Affymetrix ID for PRDX4 is 201923_at. Overexpression of PRDX4 mRNA was correlated with a favorable OS for endometrioid cancer patients. In addition, PRDX4 predicted better PFS in all ovarian cancer patients, serous ovarian cancer patients, and endometrioid cancer patients. Elevated PRDX4 mRNA expression was associated with a better PFS in grade II or III ovarian cancer patients. The clinical stage results showed that high mRNA expression of PRDX4 was related to a positive OS in stages I and II ovarian cancer patients. Furthermore, PRDX4 also predicted a better PFS in stages III and IV ovarian cancer patients, while PRDX4 presented a poorer OS in stages III and IV ovarian cancer patients. In addition, elevated PRDX4 mRNA expression was related to better PFS in all ovarian cancer patients treated with Platin, Taxol, and Taxol+Platin chemotherapy, while PRDX4 in all patients treated with these three chemotherapeutic agents showed no correlation with OS.

###### The prognostic value of PRDX4 mRNA expression in ovarian cancer

                                 Overall survival   Progress-free survival                                         
  ------------------------------ ------------------ ------------------------ ---------- ------ ------------------- -----------
  **Histology**                                                                                                    
  All cancer patients            1656               0.94 (0.82--1.09)        0.41       1435   0.84 (0.73--0.97)   0.016\*
  Serous cancer patients         1207               0.88 (0.76--1.03)        0.11       1104   0.77 (0.64--0.92)   0.0033\*
  Endometrioid cancer patients   37                 0.1 (0.01--0.88)         0.01\*     51     0.2 (0.07--0.53)    0.00039\*
  **Pathological grades**                                                                                          
  I                              56                 0.47 (0.18--1.21)        0.11       37     0.19 (0.02--1.47)   0.076
  II                             324                0.74 (0.53--1.02)        0.067      256    0.68 (0.5--0.92)    0.012\*
  III                            1015               0.9 (0.75--1.07)         0.24       837    0.76 (0.65--0.91)   0.0018\*
  **Clinical stages**                                                                                              
  I and II                       135                0.34 (0.15--0.77)        0.0069\*   163    0.61 (0.32--1.15)   0.12
  III and IV                     1220               1.29 (1.09--1.53)        0.0026\*   1081   0.79 (0.66--0.94)   0.0072\*
  **Chemotherapy**                                                                                                 
  Contains Platin                1409               0.87 (0.75--1.02)        0.095      1259   0.82 (0.71--0.94)   0.0053\*
  Contains Taxol                 793                1.2 (0.97--1.47)         0.087      715    0.77 (0.64--0.93)   0.0067\*
  Contains Taxol+Platin          776                1.22 (0.99--1.5)         0.067      698    0.75 (0.62--0.91)   0.0037\*

\**P*\<0.05.

Next, the prognostic significance of PRDX5 expression in the database was determined ([Figures 7E](#F7){ref-type="fig"} and [8E](#F8){ref-type="fig"}, and [Table 6](#T6){ref-type="table"}). The desired Affymetrix ID for PRDX5 is 1560587_s\_at. High PRDX5 mRNA expression was associated with a poorer OS for serous ovarian cancer patients and endometrioid cancer patients. PRDX5 also predicted a poor PFS for all ovarian cancer patients and endometrioid cancer patients. Furthermore, increased mRNA expression of PRDX5 was found to be correlated with a poorer OS in grade II or III ovarian cancer patients and a poorer PFS in grade II ovarian cancer patients. Nevertheless, PRDX5 showed a better OS in 41 patients with grade I ovarian cancer. Further studies revealed that high PRDX5 mRNA expression was associated with a poor PFS in stages III and IV ovarian cancer patients. However, PRDX5 indicated a positive OS in stages I and II ovarian cancer patients. Elevated PRDX5 mRNA expression was correlated with poorer OS and PFS in all ovarian cancer patients treated with Platin, Taxol, and Taxol+Platin chemotherapy.

###### The prognostic value of PRDX5 mRNA expression in ovarian cancer

                                 Overall survival   Progress-free survival                                          
  ------------------------------ ------------------ ------------------------ ---------- ------ -------------------- -----------
  **Histology**                                                                                                     
  All cancer patients            655                1.22 (0.99--1.49)        0.062      614    1.28 (1.05--1.56)    0.013\*
  Serous cancer patients         523                1.25 (1--1.57)           0.046\*    483    0.8 (0.64--1.01)     0.057
  Endometrioid cancer patients   30                 7.8 (0.81--75.29)        0.036\*    44     6.85 (1.52--30.91)   0.0039\*
  **Pathological grades**                                                                                           
  I                              41                 0.26 (0.07--0.97)        0.031\*    28     0.45 (0.11--1.8)     0.25
  II                             162                1.66 (1.07--2.56)        0.022\*    161    1.54 (1.06--2.23)    0.022\*
  III                            392                1.45 (1.11--1.89)        0.0067\*   315    0.84 (0.64--1.1)     0.2
  **Clinical stages**                                                                                               
  I and II                       83                 0.33 (0.12--0.93)        0.027\*    115    0.54 (0.25--1.16)    0.11
  III and IV                     487                1.23 (0.98--1.54)        0.076      494    1.4 (1.14--1.73)     0.0011\*
  **Chemotherapy**                                                                                                  
  Contains Platin                1409               1.37 (1.09--1.73)        0.0074\*   1259   1.41 (1.15--1.73)    0.00079\*
  Contains Taxol                 793                1.44 (1.08--1.92)        0.012\*    715    1.44 (1.13--1.84)    0.0033\*
  Contains Taxol+Platin          776                1.44 (1.08--1.91)        0.013\*    698    1.45 (1.13--1.85)    0.003\*

\**P*\<0.05.

Finally, the prognostic value of the expression of PRDX6 was investigated in the database ([Figures 7F](#F7){ref-type="fig"} and [8F](#F8){ref-type="fig"}, and [Table 7](#T7){ref-type="table"}). The desired Affymetrix ID for PRDX6 is 200845_s\_at. It was found that high levels of PRDX6 mRNA were correlated to a poorer OS for all ovarian cancer patients. Meanwhile, the curves showed that high PRDX6 mRNA expression was associated with poorer PFS for all ovarian cancer patients and endometrioid cancer patients. Furthermore, high PRDX6 mRNA expression was found to be correlated with poorer OS in grade III ovarian cancer patients. Elevated expression of PRDX6 mRNA was associated with poorer PFS in stages I and II ovarian cancer patients, whereas PRDX6 in stages III and IV ovarian cancer patients displayed better PFS. Furthermore, overexpression of PRDX6 was correlated with poorer OS in all ovarian cancer patients treated with Taxol and Taxol+Platin chemotherapy, while PRDX6 indicated a poor PFS in all ovarian cancer patients treated with Platin chemotherapy.

###### The prognostic value of PRDX6 mRNA expression in ovarian cancer

                                 Overall survival   Progress-free survival                                         
  ------------------------------ ------------------ ------------------------ ---------- ------ ------------------- -----------
  **Histology**                                                                                                    
  All cancer patients            1656               1.17 (1.03--1.33)        0.018\*    1435   1.28 (1.13--1.45)   0.00014\*
  Serous cancer patients         1207               1.14 (0.98--1.32)        0.097      1104   0.87 (0.75--1.01)   0.059
  Endometrioid cancer patients   37                 0.17 (0.02--1.48)        0.066      51     3.62 (1.34--9.77)   0.0069\*
  **Pathological grades**                                                                                          
  I                              56                 2.08 (0.67--6.43)        0.19       37     2.02 (0.45--9.19)   0.35
  II                             324                1.32 (0.94--1.87)        0.11       256    0.82 (0.61--1.09)   0.17
  III                            1015               1.19 (1.01--1.41)        0.036\*    837    0.93 (0.79--1.1)    0.41
  **Clinical stages**                                                                                              
  I and II                       135                1.72 (0.79--3.72)        0.17       163    2.76 (1.56--4.87)   0.00027\*
  III and IV                     1220               1.15 (0.98--1.34)        0.079      1081   0.8 (0.7--0.93)     0.0025\*
  **Chemotherapy**                                                                                                 
  Contains Platin                1409               1.15 (0.99--1.33)        0.06       1259   1.21 (1.06--1.38)   0.0039\*
  Contains Taxol                 793                1.3 (1.08--1.58)         0.0063\*   715    1.11 (0.94--1.32)   0.23
  Contains Taxol+Platin          776                1.33 (1.08--1.63)        0.0073\*   698    1.11 (0.93--1.32)   0.25

\**P*\<0.05.

Discussion {#sec4}
==========

PRDXs, a family of antioxidant enzymes, play dominant roles in regulating cellular peroxide levels, which are essential for cell signaling and metabolism \[[@B36]\]. It has been demonstrated that an imbalance between the generation of ROS and PRDXs in cancer cells could cause oxidative stress and the induction of apoptosis \[[@B37]\]. PRDXs expression is up-regulated under oxidative stress conditions. Several investigations have suggested that overexpression of PRDXs may play dichotomous role in carcinogenesis, where they could either promote the growth of cancers or inhibit the development of cancers \[[@B18]\]. Although several researches of PRDXs have been published, little is known about individual PRDX expression and their impact on prognosis in ovarian cancer patients. In the present study, we first compared the PRDXs protein expression in normal ovarian tissues and in ovarian cancer tissues by using the Human Protein Atlas database, and found obviously up-regulated PRDXs protein expression in ovarian cancer tissues. Then we comprehensively accessed the prognostic significance of all the six PRDX members in patients with ovarian carcinoma by using the KM plotter database. According to our results, high levels of PRDX3, PRDX5, and PRDX6 indicated poor clinical outcomes in ovarian cancer. However, the use of PRDX1, PRDX2, and PRDX4 as a prognostic indicator in ovarian cancer needs further study.

Previous studies have shown that PRDX1 might play tumor suppressive role in breast cancers, and the anti-tumor effect of PRDX1 was regulated via c-Myc or PTEN pathways \[[@B38],[@B39]\]. On the contrary, PRDX1 has a tumor promoting role in breast cancer, bladder cancer, oral squamous cell carcinoma, lung cancer, and esophageal squamous cell carcinoma through activation of NF-κB pathway, FOXO1-mediated pathway, and mTOR/p70S6K pathway \[[@B40]\]. A number of studies have addressed the association between PRDX1 expression and prognosis in several types of human cancers; however, the results are inconsistent and inconclusive. O'Leary et al. \[[@B45]\] observed that increased PRDX1 expression was an independent predictor of improved prognosis in estrogen receptor-positive breast cancer. In addition, low expression of PRDX1 indicated the risk of tumor progression and correlated significantly with reduced survival in oral squamous cell carcinoma \[[@B19]\], cholangiocarcinoma \[[@B21]\], esophageal squamous cell carcinoma \[[@B46]\], and pancreatic adenocarcinoma \[[@B23]\]. Meanwhile, there is also a large body of research demonstrating that overexpression of PRDX1 is a significant indicator of poor prognosis in non-small cell lung cancer \[[@B47]\], hilar cholangiocarcinoma \[[@B22]\], oral squamous cell carcinoma \[[@B20]\], pancreatic cancer \[[@B24]\], hepatocellular carcinoma \[[@B48]\], and rectal cancer \[[@B49]\]. In addition to these discrepancies, studies about the prognosis of PRDX1 in ovarian cancer are limited. Chung et al. \[[@B28]\] initially addressed the prognostic value of PRDX1 in ovarian cancer using proteomic analysis and further confirmed the findings using immunohistochemistry and Western blot. They observed that PRDX1 was overexpressed in most malignant ovarian tumors and was correlated with a poorer overall survival rate in patients suffering from ovarian serous cancer. Consistently, our results using HPA database showed that PRDX1 protein expression was elevated in ovarian cancer tissues, while it was not detected in normal ovarian tissue. However, further analysis via KM plotter database indicated that high levels of PRDX1 showed no effect on OS or PFS among all ovarian cancer patients, serous ovarian cancer patients, or endometrioid ovarian cancer patients. We subsequently observed that PRDX1 indicated a better OS in grade I or II patients and a favorable PFS in grade I patients; however, this gene predicted a poorer PFS in stages I and II patients. Taken together, the prognostic value of PRDX1 in ovarian cancer remains controversial and requires further study.

The tumor promoting effect of PRDX2 was demonstrated in colorectal carcinoma through up-regulation of Wnt/β-catenin pathway \[[@B50]\], and prostate cancer through increased activation of the androgen receptor (AR) signaling pathway \[[@B51]\]. The study by Raatikainen et al. \[[@B52]\] showed that augmented PRDX2 expression predicted a shorter biochemical recurrence-free survival and poor overall survival in prostate cancer patients. In a recent study, Peng et al. \[[@B26]\] observed that the expression of PRDX2 was significantly up-regulated in colorectal cancer. Furthermore, overexpression of PRDX2 was associated with colorectal cancer progression and shorter patient survival. However, Ji et al. \[[@B25]\] noted that the decreased expression of PRDX2 was associated with liver metastases and poorer OS in patients with colorectal cancer. In addition, previous studies demonstrated that patients exhibiting PRDX2 positive had a better prognosis than their PRDX2 negative counterparts in renal cell carcinomas \[[@B53]\] and astrocytic brain tumors \[[@B54]\]. However, few studies have focused on the relationship between PRDX2 expression and disease outcome in ovarian cancer patients. Sova et al. \[[@B55]\] showed that PRDX2 expression was decreased in endometriosis-associated ovarian cancer when compared with benign endometriosis and endometriotic tissue from patients with endometriosis-associated ovarian cancer endometriotic tissue. Furthermore, Li et al. \[[@B56]\] conducted a comparative proteomic study and found that PRDX2 expression was linearly decreased from normal ovarian tissue, benign ovarian tissue, and to ovarian cancer tissue, they therefore presumed that PRDX2 might play a suppressive role in tumor formation and progression. However, there is no further study on the prognostic value of PRDX2 in ovarian cancer. In the present study, we found that elevated PRDX2 expression was correlated with a better PFS in all ovarian cancer patients, especially in serous ovarian cancer patients. In addition, high expression of PRDX2 predicted a better PFS in grade II or III patients and stages III and IV patients. However, observation from HPA database revealed that PRDX2 protein expression was up-regulated in ovarian cancer tissues, suggesting that PRDX2 may promote the progression of ovarian cancer. Due to the conflicting results between the two publicly available databases, further investigation needs to be done to better understand PRDX2 expression and its impact on prognosis in ovarian cancer patients.

Karihtala et al. \[[@B13]\] found that elevated PRDX3 level was correlated with a better prognosis in patients with breast carcinoma, probably resulting from its association with the presence of progesterone and estrogen receptors. However, Chua et al. \[[@B57]\] showed that PRDX3 played a tumor-promoting role in breast cancers through regulation of the cell cycle and cell proliferation. Woolston et al. \[[@B27]\] demonstrated that high cytoplasmic expression of PRDX3 was linked with poor prognosis in breast cancer patients. In addition, Hintsala et al. \[[@B58]\] showed that up-regulation of PRDX3 in melanocytic skin tumors was correlated with shortened melanoma-specific survival. Furthermore, PRDX3 overexpression was strongly associated with the progression of hepatocellular carcinoma; patients with high serum PRDX3 levels had a shorter median survival time when compared to those with low serum PRDX3 level \[[@B59]\]. Li and co-workers have previously reported that the expression of PRDX3 was up-regulated in ovarian serous cystadenocarinoma specimens when compared with the normal ovarian epithelia \[[@B56]\]. In addition, Duan et al. \[[@B60]\] observed that the expression of PRDX3 was significantly higher in cancer tissues than the adjacent non-cancerous tissues, and high PRDX3 levels in serous ovarian carcinoma were related to poorly differentiated cancer cells, FIGO stages III and IV, which suggests that aberrant expression of PRDX3 is significantly associated with the progression of ovarian cancer. Wang et al. \[[@B61]\] found that PRDX3 expression was significantly higher in the platinum-resistant serous ovarian cancer, in stages III and IV, and in moderately and poorly differentiated ovarian cancer tissues compared with their platinum-sensitive counterparts, they therefore concluded that PRDX3 was associated with drug resistance in ovarian cancer. However, there are no reports concerning the prognostic value of either PRDX3 protein or mRNA in ovarian cancer. In this study, immunohistochemistry analysis via HPA database showed that the expression of PRDX3 protein in ovarian cancer tissues was significantly up-regulated compared with normal ovarian tissues. In addition, by using the KM plotter database, we found that increased PRDX3 expression was correlated with poorer OS in all ovarian cancer patients, especially for serous ovarian cancer patients. In addition, high PRDX3 levels predicted a poorer OS in grade III patients, stages III and IV patients, while PRDX3 predicted a better PFS in 37 patients with grade I ovarian cancer; this finding might have been due to the small and unbalanced sample sizes. Based on our study, PRDX3 may predict a dismal prognosis in patients with ovarian cancer, particularly in those with poor differentiation and late-stage serous ovarian cancer.

Wei et al. \[[@B62]\] showed that sulfiredoxin (Srx) preferentially interacted with PRDX4 and the Srx--PRDX4 axis led to the maintenance of lung tumor phenotype *in vitro* and metastasis formation *in vivo* via AP-1/MMP-9 and MAPK signaling pathway. Several previous studies reported that high expression of PRDX4 demonstrated an unfavorable prognosis in colorectal cancer \[[@B63]\], lung squamous cell carcinoma \[[@B64]\], oral cavity squamous cell carcinoma \[[@B65]\], and urinary bladder carcinoma \[[@B66]\]. However, there are also a few studies showing that PRDX4 is a favorable prognostic marker in malignancies. Karihtala et al. \[[@B13]\] demonstrated that PRDX4 was overexpressed in progesterone receptor positive patients and correlated to a better prognosis in patients with breast carcinoma. The study of Hintsala et al. \[[@B58]\] observed that cytoplasmic PRDX4 expression might play a protective role in malignant melanomas and offer a better prognosis. However, until the initiation of the current study, there is limited data about the prognostic value of PRDX4 in ovarian cancer. A study evaluating 68 invasive ovarian carcinomas using immunohistochemistry reported that the mean survival in patients with higher cytoplasmic PRDX4 expression was longer than for patients with lower PRDX4 expression; these authors therefore proposed that PRDX4 was associated with a better prognosis in ovarian cancer, but this was not independent of histological grade or clinical stage \[[@B29]\]. In the current study, we investigated the prognostic value of PRDX4 in several sets of clinical data, including histology, grade, stage, and applied chemotherapy for 1816 ovarian cancer patients. Our results showed that high PRDX4 level was related to a favorable OS for endometrioid cancer patients and a better PFS for all ovarian cancer patients, serous cancer patients, and endometrioid cancer patients. Additionally, increased expression of PRDX4 was associated with a positive OS in stages I and II patients and a better PFS in grade II or III patients, stages III and IV ovarian cancer patients. However, by comparing with public HPA database, we discovered that PRDX4 was significantly up-regulated at the protein levels in ovarian cancer tissues than that in normal ovarian tissues, implying that PRDX4 may play an essential role in the development of ovarian cancer. Due to these rather contradictory results, further research regarding the role of PRDX4 in ovarian cancer is needed.

Gerard et al. \[[@B67]\] demonstrated that PRDX5 promoted Graves' disease and PRDX5 expression was directly associated with the functional status of epithelial cells. Kim et al. \[[@B68]\] suggested that overexpression of PRDX5 is significantly associated with malignant behavior (tumor size, depth of tumor, and lymphatic invasion) of gastric cancer. They suggested that high levels of PRDX5 enhance carcinogenicity and contribute to poor prognosis of gastric cancer. In patients with breast cancer, increased expression of PRDX5 was found to be significantly correlated with a shorter patient survival \[[@B13]\]. Moreover, Han et al. \[[@B12]\] demonstrated that the level of PRDX5 was elevated and PRDX5 expression in endometrial cancer was significantly associated with a poorer survival rate, suggesting that PRDX5 may be a clinically prognostic biomarker for the development of endometrial cancer. But so far, there is only one study that has previously reported the role of PRDX5 in ovarian cancer, and it merely revealed that high PRDX5 cytoplasmic expression was correlated with a higher stage in ovarian cancer, but did not further analyze the prognostic value of PRDX5 in ovarian cancer patients \[[@B29]\]. In the current study, HPA database outcomes showed that the expression of PRDX5 protein was elevated in ovarian cancer tissues, which was completely not detected in normal ovarian tissues. Using the KM plotter database, we explored the correlation of PRDX5 mRNA levels to OS and PFS of 1816 ovarian cancer patients. Our results showed that high PRDX5 expression was associated with poorer OS for serous ovarian cancer patients, endometrioid ovarian cancer patients, and grade II or III ovarian cancer patients. Furthermore, PRDX5 also predicted poor PFS for all ovarian cancer patients, endometrioid ovarian cancer patients, grade II ovarian cancer patients, and stages III and IV ovarian cancer patients. Based on previous evidence as well as our results, this gene may be a poor prognostic indicator in ovarian carcinoma patients.

Recent studies suggest that PRDX6 is a predicative biomarker for the prognosis of patients with malignant tumors; however, there is no consensus on the results. Isohookana et al. \[[@B23]\] reported that lack of cytoplasmic PRDX6 expression correlated with shorter disease-free survival in patients with larger pancreatic adenocarcinoma tumor size. Xu et al. \[[@B69]\] found that PRDX6 was highly expressed in the peri-tumoral tissues and played a critical role in inhibiting the carcinogenesis of hepatocellular carcinoma. However, Yun et al. \[[@B70],[@B71]\] demonstrated that PRDX6 promoted the development of lung cancer via JAK2/STAT3 pathway, its GPx and iPLA2 activities. The study of Raatikainen et al. \[[@B52]\] showed that high PRDX6 expression was related to shortened biochemical recurrence-free survival and OS in prostate cancer patients after radical prostatectomy. Another study suggested that high level of PRDX6 was correlated with shorter 5-year disease-specific survival in patients with diffuse large B-cell lymphoma \[[@B72]\]. Nevertheless, publications about PRDX6 in ovarian cancer are limited. Karihtala et al. \[[@B29]\] observed that PRDX6 was overexpressed in the progression of ovarian carcinomas; however, no other studies further investigated its prognostic value in this disease. In the present study, our results using HPA database showed that increased PRDX6 protein expression in ovarian cancer tissues compared with normal ovarian tissues. By analyzing the KM plotter database, we reported for the first time that PRDX6 overexpression was linked with a poorer OS for all ovarian cancer patients and grade III ovarian cancer patients. Meanwhile, PRDX6 predicted poor PFS for all ovarian cancer patients, endometrioid ovarian cancer patients, stages I and II ovarian cancer patients. Therefore, our current results demonstrate that PRDX6 overexpression is a significant indicator of poor clinical outcome for ovarian cancer patients.

The generation of ROS has been reported to play a key role in the formation of cancer \[[@B73]\]. ROS scavenging by antioxidant enzymes have important implications for the efficacy and toxicity of chemotherapeutic drugs. As antioxidants, PRDXs have been shown to be related to chemotherapy drug resistance of cancers. PRDX3 expression was associated with platinum resistance in ovarian cancer, and siRNA targeting of PRDX3 triggered cisplatin--induced apoptosis in SKOV3 ovarian cancer cells through suppression of the NF--κB signaling pathway \[[@B60],[@B61]\]. Furthermore, overexpression of PRDX6 attenuated cisplatin-induced apoptosis by reducing ROS levels in SKOV-3 ovarian cancer cells and led to the development of cisplatin resistance \[[@B74]\]. In addition, Kalinina et al. \[[@B75]\] demonstrated that there was a significant increase in the expression of PRDX1, PRDX3, and PRDX6 in cisplatin-resistant ovarian cancer cell lines when compared with their sensitive counterparts, implying that these isoforms might play an important role in the development of cisplatin resistance of ovarian cancer cells. Collectively, these data suggest that these isoforms may be the potential targets in cancer therapy. However, the prognostic value of PRDXs family in ovarian cancer patients treated with chemotherapy agents is unknown. In the present study, we found that high PRDX3 levels predicted a poorer OS in all patients treated with Platin, Taxol, and Taxol+Platin chemotherapy; furthermore, PRDX3 was also associated with a poor PFS in patients treated with Platin chemotherapy. Moreover, we observed that PRDX5 overexpression was related to unfavorable OS and PFS in all ovarian cancer patients treated with Platin, Taxol, and Taxol+Platin chemotherapy. PRDX6 overexpression was linked with a poorer OS in all ovarian cancer patients treated with Taxol and Taxol+Platin chemotherapy. Meanwhile, PRDX6 predicted poor PFS in all ovarian cancer patients treated with Platin chemotherapy. Taken together, these observations indicated that PRDX3, PRDX5, and PRDX6 overexpression could lead to the chemotherapy resistance in ovarian cancer and therapeutic strategies targeting these isoforms may therefore be an effective anticancer therapy for ovarian cancer. Cruz et al. \[[@B76]\] revealed that PRDX2 was up-regulated in drug-resistant ovarian cancer and might be a potential biomarkers for the development of chemoresistance in ovarian cancer. Sehrawat et al. \[[@B77]\] observed that PRDX4 expression was up-regulated in drug resistance to advanced ovarian cancer patients receiving first-line chemotherapy of paclitaxel and carboplatin, suggesting that PRDX4 may act as a candidate biomarker to predict chemotherapy response in ovarian cancer. In contrast, we found that PRDX2 and PRDX4 showed better PFS in all ovarian cancer patients treated with Platin, Taxol, and Taxol+Platin chemotherapy, implying that PRDX2 and PRDX4 predict better prognosis in ovarian cancer patients treated with these three chemotherapeutic drugs. Further studies need to be done to validate the prognostic values of PRDX2 and PRDX4 in ovarian cancer.

Conclusion {#sec5}
==========

In summary, by using publicly available data from the HPA database, we found that the protein expression of PRDXs family in ovarian cancer tissues was elevated compared with normal ovarian tissues, implying that these proteins may contribute to the progression of ovarian cancer. We also conducted further analysis via KM plotter database and demonstrated that high levels of PRDX3, PRDX5, and PRDX6 predicted an unsatisfactory prognosis in ovarian cancer, and PRDX3 predicted a poor clinical outcome particularly in poor differentiation and late-stage serous ovarian cancer patients. However, the prognostic value of PRDX1, PRDX2, and PRDX4 in ovarian cancer requires further exploration. These results indicate that there are distinct prognostic values of PRDX family members in patients with ovarian cancer, and that the expression of PRDX3, PRDX5, and PRDX6 mRNAs is closely associated with prognostic predictors of the effect of chemotherapy in ovarian cancer patients. Although our results were statistically significant, further studies using larger sample sizes are required to validate these findings and to explore the clinical application of the PRDX family in the treatment of ovarian cancer.
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CI

:   confidence interval

HPA

:   Human Protein Atlas

HR

:   hazard ratio

IHC

:   immunohistochemistry

KM plotter

:   Kaplan--Meier plotter

OS

:   overall survival

PFS

:   progression-free survival

PRDXs

:   peroxiredoxins

ROS

:   reactive oxygen species
